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Deep Water Horizon Oil Spill Draft #11

Introduction 

The Deep Water Horizon Oil Spill (DWH) was the largest release of crude oil in modern history.  Now that the flow of oil and gas has ceased, several issues related to the cleanup and to assessing the fate and effects of the remaining oil still need to be addressed.  The Society of Toxicology supports these ongoing efforts and believe that toxicologists have important roles in providing guidance to help identify the overarching research questions.  In terms of specifics, toxicologists have critical roles in: providing answers to the areas of uncertainty;  providing expertise necessary for interpreting research on chemical effects;  supporting policy development to ensure that policy decisions are based on sound science. 

The Chemistry of Oil and Dispersants

The first step in assessing the impact of any release of chemicals into the environment is to identify the chemicals involved, their environmental fate (what happens to them in the environment), and their potential for causing environmental and human toxicity.  In the case of the DWH, scientists are concerned about the crude oil and natural gas released from the wellhead as well as dispersants applied to help mitigate the spill. Crude oil and natural gas are complex naturally-occurring mixtures that together comprise hundreds of different chemicals. Dispersants are also complex mixtures.  Each component of these mixtures has its own physical, chemical, and toxicological properties, which can combine in sometimes unpredictable ways to yield novel properties. The DWH incident not only released much more oil than previous spills such as Ixtoc (1979) and Exxon Valdez (1989), but the oil was released at a much greater depth (5,000 feet, vs. 165 ft and surface), introducing additional variables of temperature and pressure that dramatically influence the physical and chemical behavior and transport of the oil, further complicating  the assessment of dispersant effects.


By current estimates, DWH released about 5 million barrels (210 million gallons) of crude oil that were accompanied by a similar volume of natural gas. Added to this, was approximately  two million gallons of dispersant that had been applied either at the surface (two-thirds) or at the wellhead (one-third).  The DWH release added a substantial new point source of oil to the ongoing natural and anthropogenic releases that routinely occur in the Gulf of Mexico. 


Crude oil contains hundreds of aliphatic and aromatic hydrocarbons of various types, as well as compounds containing sulfur, nitrogen, or oxygen. Some of its most toxic components include the mono-aromatic chemicals benzene, toluene, ethylbenzene, and xylene (BTEX) and the polycyclic aromatic hydrocarbons (PAHs). The dispersants used in the DWH  incident  DWH  (Corexit 9527 and Corexit 9500A) contain several surfactants (surface-active agents) as well as glycol ether or alkane solvents. 


Once released, the oil was subjected to a variety of physical, chemical, and biological processes including dissolution in water and evaporation/volatilization (“weathering”), dispersion into seawater (natural and facilitated by dispersants), sedimentation, transport, photodegradation, biodegradation, emulsification, and combustion. Research by several groups and provisional mass balance calculations made by federal agencies have provided a first-order, tentative approximation of the initial fate of the escaped oil. Although there is substantial uncertainty in some of the estimates, sizeable fractions of the oil appear to have been dispersed into small droplets, dissolved in seawater, or evaporated upon reaching the surface; some of the dispersed and dissolved material remains as “plumes” at a depth of about 1000 meters. Some of the surface oil  that was not evaporated or burned, was transported to coastal regions.  Use of dispersants likely increased the bioavailability of petroleum hydrocarbons, enhancing the opportunities for biodegradation, but also may have increased the potential exposure of sensitive organisms. The fate of the released oil and its many components remains poorly understood and is an active area of research.

Ecological Effects


The primary issues associated with the DWH incident relate to the effects on the overall Gulf of Mexico ecosystem and those components of the Gulf that  will be most impacted long-term. There is an array of different ecosystems within the Gulf where oil and dispersants reached, including deep water bottom sediments and reefs, bays, estuaries, coastlands, bayous and open water (surface and mid-water). It has been difficult to track the extent of contamination and persistence of the contaminants in each of these areas and, in turn, the potential exposure to organisms. When evaluating these different ecosystems, one must consider the range of biological diversity  and the multitude of life stages that the species passed through during the impact stages of the DWH. There remain many unanswered questions including basic ones related to what species are most susceptible to oil related compounds, dispersants, and/or the complex mixture of the two. Moreover, basic information such as which particular developmental stages in sensitive species are more susceptible to spill chemicals and whether toxicologically resistant species may be impacted by sensitive species with critical ecosystem support roles is not known. These ecological concerns are compounded by the fact that the Gulf also is home to endangered and commercially valuable species. Distinguishing between effects of this massive spill and the effects of ongoing releases of oil in the Gulf creates an additional complication. Finally, it is not yet known whether the attempts to mediate and clean up the spill were effective or detrimental to the various ecosystems. Toxicologists have been involved in laboratory and field studies to both measure immediate toxicity of the spill and the potential for long-term effects, including the potential for delayed or cumulative, multigenerational impacts. Unfortunately, the time line for addressing many of these issues will likely be years.  

Human Health Effects


Human exposure to components of the DWH crude oil or dispersants can occur through inhalation, dermal exposure, or consumption of contaminated seafood from commercial fisheries in the Gulf of Mexico.  Because crude oil can have unique characteristics based on the geographic location where it is extracted and is composed of many different types and molecular weights of hydrocarbons, the specific characteristics of this source of crude oil needs to be evaluated in order to determine long-term human-health effects.  With respect to inhalation exposure, it is anticipated that the two primary hazards are hydrogen sulfide and the hydrocarbons, because they can  readily volatilize from crude oil.  The modifications to crude oil, natural gas, and disperants when released into the subsea environment need to be considered as a critical part of human health risk assessments as these processes will impact the profiles of the chemical mixtures.  Potential contributions to exposure by dermal absorption and ingestion pathways are also important for evaluation of acute and chronic health effects as environmental processes may also impact the importance of these pathways.  This is especially crucial for ingestion scenarios since various commercial species may experience significant bioaccumulation and/or biomagnification of the DWH chemicals/mixtures.

The primary potential human health effects related to exposure to chemical dispersants are likely to be acute.  Nonetheless, potential health effects from exposure to trace metals or other potential agents of chronic health concern present in dispersants would have to be evaluated in the context of understanding the conditions, concentrations, and duration of exposure in order to determine health risk related to human exposure to dispersants released.


Methods and Tools Used to Assess Health and Environmental Impacts

The information from toxicology research is designed to serve as a critical input to inform decision making related to public and environmental health.  Areas of data collection reflect both the basic research laboratory and field methods noted above as well as data analysis and evaluation tools.   The data analysis approach begins with an assessment of all the available toxicity research data collected using different methods and model systems.  The overall package of scientific information can be assessed to identify data gaps in terms of public health and environmental impacts.  Research prioritization can be assisted with tools for evaluating the value of new information.  The adequacy of the data and support for overall conclusions arising from these data is determined using a weight of evidence approach; a process for interpreting results in the context of the total knowledge base.  Together the toxicology data informs us about the innate hazard potential of the individual chemicals or mixture of chemicals (hazard characterization) and their potency (dose-response).  The toxicity considered in the context of potential human exposure assessment is used to characterize the potential for risks to human health and the environment.  This process is reflected in the major steps included in traditional risk assessment frameworks.   


In many cases traditional toxicology data are provided in the form of test data for individual chemicals or defined mixtures.  A role for toxicologists is to apply data analysis tools to consider the potential impacts of complex mixtures and the potential effects of untested substances that are present in complex situations such as DWH. Further developments in toxicology screening methods using predictive cell or tissue-based systems or computer models are increasing our ability to support decisions related to mixed exposures.  Efforts to understand basic biological pathways and toxicity mechanisms through systems biology approaches are enhancing our ability to develop assessments for complex exposures.  These advances are embedded in current decision frameworks assessing the risk of chemical mixtures.  The toxicology community is also working to take a more integrated approach to public and environmental health consequences of complex events, in particular in developing interfaces with related science disciplines.  The impacts associated with interactions of chemical exposures, non-chemical stressors, including ecological and socioeconomic impacts, are encompassed in the concept of cumulative risk assessment.  The cumulative risk approach recognizes the interplay of multiple stressors on human and environmental health and provides an approach for better capturing the total public health impacts of large-scale events.     


Summary & Future Directions


Current toxicological research, methods and principles provide significant information related to the public and environmental health consequences of the DWH.  However, many areas of uncertainty and gaps in our knowledge remain.  Continuing research will build on the current information available to assess the toxicity of the crude oil and dispersants released to the environment from this event.  The community of toxicologists is well placed to investigate the human health and environmental impacts arising from the chemical releases associated with the DWH and in concert with our scientific colleagues can continue to contribute to the goal of providing sound science to support health-related policy choices.  



